Objective: Emergency medical services providers may be called to a variety of sites to transport pediatric patients, whether it be a scene call for initial evaluation and care, a clinic for transportation of a patient who has been assessed by medical providers, or a hospital where assessment and stabilization have already begun. We hypothesize that there may be a direct relationship between adverse event rates and adverse event severity in transports from less medically stabilizing origins.
mergency medicine has been described as a laboratory for studying medical errors. 1 The chaotic and unpredictable nature of the emergency medical services (EMS) environment is potentially even more prone to errors as EMS providers respond to uncontrolled scenes with minimal knowledge of the situation before arrival. They are tasked with assessing and treating patients on scene and en route to the hospital in a moving and hectic environment. This makes the study of emergency medical errors challenging but important for patient safety. Pediatric patients account for approximately 13% of EMS transports, and because of rarity of true emergency calls in this population, EMS providers often report a lack of comfort with pediatric patients, equipment, protocols, and medical needs, increasing the risk of potential patient safety events. [2] [3] [4] [5] [6] Although pediatric out-of-hospital care has been studied in simulation settings, 7, 8 there has not been a large evaluation of out-of-hospital pediatric adverse events occurring during real patient care.
Emergency medical services providers may be called to a variety of sites to transport pediatric patients, including nonmedical scene calls, clinics, and hospitals. On EMS arrival, a transport originating from a home or other nonmedical scene will have less medical assessment than an outpatient clinic where there was likely to have been some assessment and treatment, which will in turn have less medical assessment and stabilization than a hospital ward or emergency department. In addition, interfacility transports from clinics or hospitals can provide EMS providers with instructions directing the medical care during the transport. Online medical control has been shown to decrease anxiety in EMS providers and provide cognitive offloading to allow focus on specific tasks, and direct medical control may act similarly. 9, 10 This study seeks to identify the relationship between adverse events occurring during high-risk pediatric transports where red lights and sirens were used and the origin of transportation. We hypothesize that there may be a relationship between the adverse event rate and severity of pediatric out-of-hospital adverse events and the origin of transport.
METHODS
This study was a retrospective chart review. Prehospital records of critical pediatric transports running red lights and sirens were obtained from multiple EMS services spanning both fire departments and single-tier advanced life support EMS in the large metropolitan area of Multnomah County in Oregon in 2008 to 2011. Records obtained were electronic in the format used by the EMS or fire service and were supplied by the services for analysis. All transportations were by private advanced life support ambulances, although the fire department may have been involved in the initial response. We included all transports where red lights and sirens were used, including scene calls, transports from primary clinics and urgent cares, and interfacility transportations (both between inpatient units and between emergency departments). Red lights and sirens are activated at the discretion of the transport team. Red lights and sirens were chosen as the inclusion criteria to denote significant concern for the patient by the transport team. Transportations specifically made by specialized pediatric transport teams were excluded. To validate the restricted case review, a random sample of 30 non-red light and siren pediatric transports from the same area and period was reviewed to ensure that outcomes, errors, and procedures deemed critical for this study were not actually routine components of EMS care.
A standardized clinical chart assessment tool was created to abstract the prehospital record, and reviewers underwent training to standardize the approach and review of each record. The standardized clinical assessment tool was adapted from landmark hospital patient safety studies by Brennan et al 11 and Leape et al 12 and informed by focus groups conducted by our EMS research team. Cognitive interviews were conducted to assess face validity, clarity of content, instructions, and usability of the abstraction tool. 13 Briefly, a think-aloud interviewing method was used asking EMT-paramedics, emergency physicians, and EMS program directors to vocalize their comprehension of questions and to think aloud as they retrieved information and analyzed and interpreted which information to use to complete the abstraction tool questions. All charts were de-identified before review, and chart reviewers were not affiliated with agencies providing charts for review.
Each record was independently reviewed and abstracted by an emergency physician and a paramedic who were blinded to the other reviews. Multiple combinations of reviewers were used but always with a physician and prehospital provider. Safety events were classified into the following categories: unintended injury or consequence, near misses, suboptimal actions that are amenable to improvement, errors, and management complications, collectively called UNSEMs. The chart reviewers assigned a severity score for the potential harm associated with UNSEMs according to the following 3 categories: no harm likely or a near miss, mild or temporary harm including additional treatment, and permanent or severe harm including death. A severe UNSEM was categorized as permanent or severe harm including death. A pediatric emergency physician with expertise in EMS served as an arbiter to resolve discrepancies between the physician and prehospital providers. Further details about the methods used are provided in a manuscript by Guise et al. 14 Statistical analysis was completed with SAS v9.4 (Cary, NC) using logistic regression and descriptive statistics.
RESULTS
The patient characteristics for the study are summarized in Table 1 . Four hundred ninety records were abstracted, with 59 hospital transports, 48 clinic transports, and 384 scene transports. Furthermore, UNSEMs were noted on 24 hospital transports (40.7%), 33 clinic transports (68.8%), and 263 scene transports (68.5%). Severe UNSEMs were reported on 0 hospital transports (0.0%), 12 clinic transports (25.0%), and 65 scene transports (16.9%). As shown, trauma, seizure, and respiratory issues were the most common reasons for dispatch. Figure 1 demonstrates the relative proportions of UNSEMs by call origin. As shown, there was a statistically significant and disproportionately high rate of severe UNSEM occurrences among cardiac arrest cases. Table 2 shows logistic regression results for UNSEMs and severe UNSEMs relative to call origin. Compared with scene calls and calls from medical facilities (eg, clinics, medical offices) other than hospitals, calls originating from a hospital had a significantly reduced rate of UNSEMs (odds ratio, 0.35) and severity of potential harm (Table 3) .
DISCUSSION
The literature on out-of-hospital patient safety is sparse, with even fewer studies investigating the safety for pediatric patients. 15 Most of the pediatric out-of-hospital patient safety literature involves critical care topics such as airway management, trauma, dedicated pediatric transport teams, and medication dosing errors. [16] [17] [18] [19] Many adverse events in the pediatric population may go unreported. 20 To the best of our knowledge, the effect of the origin of transport on the UNSEM rate has not been previously studied on adult or pediatric populations.
This blinded, retrospective chart review study supports our hypothesis that, in EMS transports, there is a trend for UNSEMs to occur with greater frequency and severity among transports originating from scenes or clinics compared with hospitals. Interfacility transports are often transported by advanced life support by default. Given the low rate of UNSEMs associated with interfacility transfers, more critically evaluating the need for advanced life support for interfacility transports could be a cost-and resource-saving measure. This must however be weighed against the probability of a patient requiring an advanced life support skill set en route or ongoing therapy that exceeds the scope of practice of basic life support providers. Price et al demonstrated that there was a trend toward EMS errors in deteriorating adults with short scene times. 21 Our data do not show this to be the case with pediatric patients. For every 60 seconds longer on scene, the odds of an UNSEM increased by 1.02 to 1.038 for any UNSEM and severe UNSEMs, respectively. These data should be interpreted cautiously, however, as many of the UNSEMs were related to cardiac arrest patients who had a disproportionately high rate of UNSEMs. There was insufficient data with severe UNSEM occurrence to exclude cardiac arrest cases.
Our study has unique strengths in providing a rigorous evaluation of clinical care; however, it also has limitations. Study limitations include a relatively small sample size, potentially limited generalizability given geographic focus, and the limitations inherent to retrospective chart reviews. Although the sample size limited categorization into more granular groups, obtaining large samples in studies of critically ill children in the out-of-hospital environment is challenging due to the rarity of events, making this a relatively large study for rare events. The data came from 1 large metropolitan area and may not be generalizable to other settings, although this county is a large urban area with 8 separate hospitals that receive EMS transports. Finally, our study has the standard limitations inherent to chart reviews in that we relied upon what was documented in the medical record. Included in the chart review bias may be that the sickest patients transported between facilities would likely have gone by specialized pediatric transportation teams that were excluded from analysis.
This study highlights the significance that the origin of transport can have both on the rate of UNSEMs and the rate of significant UNSEMs that have the potential to cause harm in emergent EMS transportation of children. Although the underlying cause of the difference is not known, stabilization before EMS arrival is likely to play a role. Further study is needed to determine the cause of the difference and how to decrease adverse events in scene and clinic transportations. 
